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Abstract

Background: Randomized clinical trials have demonstrated the benefits of
chemotherapy in carefully selected non-small cell lung cancer (NSCLC) pa-
tients. How generalizable these results are to other NSCLC patients is unresolved.
Methods: The outcomes of patients treated with standard chemotherapy regi-
mens (paclitaxel/carboplatin; gemcitabine/carboplatin; pemetrexed/carboplatin;
paclitaxel/carboplatin/bevacizumab) off study as first line therapy between
2002 and 2012 at our institution were compared to the reported results of tri-
als supporting the FDA approval of these drugs and/or regimens. Results: In
our population, 38.1% of the patients had hypertension, 11.9% of the patients
were diabetic, 23.7% had chronic obstructive pulmonary disease (COPD),
11.9% had coronary artery disease (CAD) and 2.1% had renal or liver disease.
Notably, the presence of a single or multiple comorbidities was associated
with low overall survival compared to matched patients with no comorbidities
(p = 0.007). Conclusion: The presence of single or multiple comorbidities is
associated with inferior overall survival compared to matched groups without
such pre-existing conditions.
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1. Introduction

Advanced stage lung cancer is a lethal disease with an estimated 1.59 million

deaths annually worldwide, lung cancer accounting for 19.4% of total cancer
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death [1] [2].

Lung cancer is divided into two main categories non-small cell lung cancer
(NSCLC), which accounts for approximately 85% of cases and small cell lung
cancer [3] [4].

Historically, the median survival of untreated patients with stage IV NSCLC
was only 4 - 5 months [5]. The introduction of effective chemotherapy resulted
in marked improvements in the survival of metastatic NSCLC patients. The ben-
efit of chemotherapy in metastatic NSCLC was demonstrated in a meta-analysis
conducted by the Non-Small Cell Lung Cancer Collaborative Group that in-
cluded 16 randomized controlled trials in which 2714 patients were randomized
to chemotherapy vs. best supportive care. Results showed a significant benefit of
chemotherapy (HR, 0.77; 95% CI, 0.71 to 0.83; P = 0.0001), equivalent to a rela-
tive increase in survival of 23% or an absolute improvement in survival of 9% at
12 months, increasing survival from 20% to 29% at one year [6].

Since then, many randomized trials were conducted to identify best regimens
in metastatic NSCLC. The Eastern Cooperative Oncology Group (ECOG) con-
ducted a randomized trial comparing the efficacy of four commonly used regi-
mens. Patients with advanced NSCLC were randomly assigned to receive: cispla-
tin 75 mg/m’ and paclitaxel 75 mg/m’ every 3 weeks; cisplatin 100 mg/m? on day
1 and gemcitabine 1000 mg/m® on days 1, 8, and 15 every 4 weeks; cisplatin 75
mg/m’ and docetaxel 75 mg/m® every 3 weeks; or, carboplatin area under the
curve (AUC) of 6 mg/mL/min and paclitaxel 225 mg/m* every 3 weeks. There
were no significant differences in response rates, survival, or the time to disease
progression between these regimens. The response rate for all regimens was 19
percent, with a median survival of 7.9 months (95% confidence interval 7.3 - 8.5
months), a 1-year survival rate of 33 percent (95% CI 30% - 36%), and a 2-year
survival rate of 11 percent (95% CI, 8% - 12%) [7].

The European Organization for Research and Treatment of Cancer (EORTC)
compared paclitaxel 175 mg/m* (day 1) or gemcitabine 1250 mg/m* (days 1 and
8), each combined with cisplatin 80 mg/m* (day 1) or paclitaxel 175 mg/m? (day
1) plus gemcitabine 1250 mg/m’ (days 1 and 8) in 480 patients with metastatic
NSCLC. There were no statistically significant differences in overall survival be-
tween these regimens with median survivals of 8, 7.4 and 6.9 months, respec-
tively. There also was no difference in progression free survival between treat-
ment arms with median progression free survivals of 4.2, 5.1 and 3.5 months,
respectively [8].

The Four Arm Cooperative Study (FACS) Group in Japan conducted a ran-
domized clinical trial in which patients with metastatic NSCLC were randomly
assigned to one of four regimens: cisplatin 80 mg/m? on day 1 plus irinotecan 60
mg/m’ on days 1, 8, 15 every 4 weeks; carboplatin AUC 6.0 min/mg/mL on day 1
plus paclitaxel 200 mg/m® on day 1 every 3 weeks; cisplatin 80 mg/m” on day 1
plus gemcitabine 1000 mg/m” on days 1, 8 every 3 weeks; or cisplatin 80 mg/m’
on day 1 plus vinorelbine 25 mg/m* on days 1, 8 every 3 weeks. Again, there

were no statistically significant differences in response rates or overall survival

DOI: 10.4236/jct.2018.93029

315 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2018.93029

A. A. Badawy et al.

between all these regimens, with all four regimens being well tolerated [9].

The choice between cisplatin or carboplatin remains somewhat controversial.
Although randomized clinical trials have shown equivalent overall survival for
regimens containing cisplatin or carboplatin, two meta-analyses addressed dif-
ference in response rates between the two drugs. Hotta and his colleagues re-
viewed eight randomized trials that compared cisplatin vs. carboplatin in 2948
patients with metastatic NSCLC. Cisplatin-based chemotherapy produced a
higher response rate, but the survival advantage was not shown to be statistically
significant (HR1.050; 95% CI, 0.907 to 1.216; p = 0.515). Although patients re-
ceiving cisplatin-based chemotherapy had a higher incidence of nausea and vo-
miting, thrombocytopenia was more frequent with carboplatin-based chemo-
therapy. No statistically significant difference in treatment-related mortality be-
tween cisplatin and carboplatin was reported [10].

Pemetrexed is a chemotherapeutic agent chemically similar to folic acid and a
member of the class of chemotherapy drugs called folate antimetabolites. It
works by inhibiting three enzymes used in purine and pyrimidine synthesis,
thymidylate synthase, dihydrofolate reductase, and glycinamide ribonucleotide
formyl transferase. By inhibiting the formation of precursor purine and pyrimi-
dine nucleotides, pemetrexed prevents the formation of DNA and RNA, which
are required for the growth and survival of both normal and cancer cells [11].

Its benefit was addressed in a trial conducted by Scagliotti and colleagues in
which patients were randomized to receive either cisplatin 75 mg/m® on day 1
and gemcitabine 1250 mg/m* on days 1 and 8 or cisplatin 75 mg/m” and peme-
trexed 500 mg/m’ on day 1, every 3 weeks for up to six cycles. Overall survival
was statistically superior for cisplatin/pemetrexed versus cisplatin/gemcitabine
in patients with adenocarcinoma (12.6 vs. 10.9 months, respectively) and
large-cell carcinoma histology (10.4 vs. 6.7 months, respectively). In contrast,
patients with squamous cell histology, showed a significant improvement in sur-
vival with cisplatin/gemcitabine versus cisplatin/pemetrexed; (10.8 vs. 9.4
months, respectively). For cisplatin/pemetrexed, rates of grade 3 or 4 neutrope-
nia, anemia, and thrombocytopenia (P < 0.001); febrile neutropenia (P = 0.002);
and alopecia (P < 0.001) were significantly lower, whereas grade 3 or 4 nausea (P
= 0.004) was more common [12].

Vascular endothelial growth factor (VEGF) is a potent endothelial-specific
angiogenic factor that is expressed in a wide array of tumors. In NSCLC, high
levels of VEGF expression was associated with a poor prognosis, suggesting that
treatment targeting this pathway might be useful [13].

One approach to blocking the VEGF pathway is the administration of bevaci-
zumab, a recombinant humanized monoclonal antibody that binds VEGF-A,
thereby preventing its interaction with the VEGF receptor.

In an ECOG trial (E4599), previously untreated patients with advanced,
non-squamous NSCLC were randomly assigned to paclitaxel plus carboplatin
with or without bevacizumab (15 mg/kg) on day one of each cycle. Bevacizumab

was continued as monotherapy on the same schedule after completion of six
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cycles of chemotherapy until progression. Patients receiving chemotherapy plus
bevacizumab had statistically significant increases in the objective response rate
(35 versus 15 percent with paclitaxel plus carboplatin alone), median overall
survival (12.3 versus 10.3 months), one-year and two-year survival rates (51
versus 44 and 23 versus 15 percent, respectively), and progression-free survival
(6.2 versus 4.5 months). Rates of clinically significant bleeding were 4.4% for
chemotherapy-plus-bevacizumab group vs. 0.7% for chemotherapy alone group
(P < 0.001). The rates of 2grade 3 hypertension, bleeding, and proteinuria were
modestly higher in the bevacizumab arms than in the control arm. There were
15 treatment-related deaths in the chemotherapy-plus-bevacizumab group, in-
cluding 5 from pulmonary hemorrhage, versus 2 in the control arm [14].

In a meta-analysis based upon four trials conducted by Soria ef al that in-
cluded 2194 patients, the addition of bevacizumab significantly increased both
overall survival and progression-free survival compared with chemotherapy
alone (HR 0.90, 95% CI 0.81 - 0.99 and 0.72, 95% CI 0.66 - 0.79, respectively).
The effect on overall survival was significantly greater in patients with adenocar-
cinoma compared with other histologies, however, bevacizumab significantly
increased the risk of grade > 3 proteinuria, hypertension, hemorrhagic events,
neutropenia, and febrile neutropenia [15].

In recent years there has been a major paradigm shift in the management of
NSCLC with introduction of targeted therapy and immunotherapy for metastat-
ic NSCLC, but most of these drugs require the presence of specific driver muta-
tions. While up to 60% of patients with NSCLC have driver mutation, in the
majority of cases there still are no effective drugs to target these and convention-
al chemotherapy remains an appropriate treatment option [16].

While randomized clinical trials have demonstrated the benefits of chemo-
therapy in carefully selected NSCLC patients, most NSCLC chemotherapy trials
have stringent entry criteria that exclude patients with significant comorbidities
or substantial functional impairment. Standard of care recommendations,
therefore, are largely based on clinical trials limited to a select subpopulation of
patients and how generalizable these results to other NSCLC patients still is un-
resolved [17] [18] [19].

2. Methods

A retrospective review of all NSCLC patients treated at University of Alabama at
Birmingham, an NCI-designated comprehensive cancer center, from 2002 to
2012.

Stage IV NSCLC patients treated with standard of care first-line chemothera-
py were identified. Four commonly used standard of care regimens were selected
for review: carboplatin/paclitaxel (CT); carboplatin/gemcitabine (CG); carbopla-
tin/pemetrexed (CP); carboplatin/paclitaxel/bevacizumab (CTB).

Details of patients’ characteristics including comorbidities, chemotherapy re-

gimens and survival were collected.

DOI: 10.4236/jct.2018.93029

317 Journal of Cancer Therapy


https://doi.org/10.4236/jct.2018.93029

A. A. Badawy et al.

3. Results

In our data, 21.1% of the patients were over 70 years old and 78.8% were less
than 70 years old. Males comprised 60.8% of the patients and 39.2% were fe-
males and the majority of patients (84.5%) were smokers. Almost half (49.7%)
the patients had adenocarcinomas, followed by non-small cell lung cancer not
otherwise specified (31%), followed by squamous cell carcinoma (19%) (Table
1).

Most patients (66.5%) had an ECOG 1 performance status, while 19.5% and
13.5% of patients respectively had performance statuses of ECOG 2 and ECOG
0. Less than 1% patients had an ECOG PS of 3 (Figure 1).

Regarding comorbidities, 38.1% of the patients had hypertension, 11.9% were
diabetic, 23.7% had chronic obstructive pulmonary disease (COPD), 11.9% had
coronary artery disease (CAD) and 2.1% had renal or liver disease (Table 2).

In patients treated with paclitaxel and carboplatin the median progression free
survival was 4.9 months for patients responding to the regimen and overall sur-
vival was 13.1 months for responders vs. 9.2 months for non-responders.

Patients treated with Gemcitabine and carboplatin had a median progression
free survival of 4.8 months for those responding to the regimen and overall sur-
vival was 13 months for responders vs. 8.9 months for non-responders.

Patients treated by pemetrexed and carboplatin had median progression free
survival was 7.1 months for patients responding to this regimen and overall sur-
vival was 15.5 months for responders vs. 5.9 months for non-responder group of
patients.

For patients treated by paclitaxel and carboplatin plus bevacizumab, the me-

dian progression free survival was 7.3 months for patients responding to the

Table 1. Demographic charters of the patients.

Carboplatin/paclitaxel

Carboplatin/

Carboplatin/gemcitabine Carboplatin/pemetrexed paclitaxel/bevacizumab

106 35 25 28
=70 16.0% 31.4% 24.0% 25.0%
Age
<70 84.0% 68.6% 76.0% 75.0%
Female 35.8% 48.6% 40.0% 39.3%
Gender
Male 64.2% 51.4% 60.0% 60.7%
Yes 88.3% 91.2% 88.0% 71.4%
Smoker
No 11.7% 8.8% 12.0% 28.6%
Adenocarcinoma 42.6% 28.6% 88.0% 67.9%
HiStology SCC 24.8% 22.9% 0.0% 10.7%
NSCLC NOS 32.7% 48.6% 12.0% 21.4%
Well differentiated 3.8% 18.2% 16.7% 0.0%
Moderatel
Differentiation v oderately 26.4% 27.3% 25.0% 38.5%
differentiated
Poorly differentiated 69.8% 54.5% 58.3% 61.5%
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Table 2. Distribution of comorbidities among treated population.

Carboplatin/paclitaxel Carboplatin/gemcitabine Carboplatin/pemetrexed Carboplatin/paclitaxel/bevacizumab
HTN 37.7% 37.1% 56.0% 25.0%
DM 8.5% 17.1% 28.0% 3.6%
COPD 23.6% 22.9% 32.0% 17.9%
CAD 11.3% 17.1% 16.0% 3.6%
Renal Disease 2.8% 2.9% 0.0% 0.0%
Liver Disease 0.9% 0.0% 12.0% 0.0%

ECOG Performance status

PSO PS1 mPS2 mPS3

Figure 1. ECOG performance status.

regimen with an overall survival of 16.7 months versus 14.6 months for the
non-responder group of patients.

The presence of single or multiple comorbidities was strongly associated with
low overall survival compared to matched patients with no comorbidities (p =
0.007) (Table 3 and Figure 2).

4. Discussion

In recent years there has been a major paradigm shift in the management of
NSCLC with the introduction of targeted therapies for metastatic NSCLC.
However most of these therapies require the presence of specific driving muta-
tions and are not appropriate for most patients. For the majority of NSCLC
without a driver mutation for which a drug is available, conventional chemothe-
rapy remain a valid option [16].

Moreover, while randomized clinical trials have demonstrated the benefits of
chemotherapy in carefully selected NSCLC patients, given the stringent entry
criteria for these studies, they generally exclude patients with significant comor-
bidities or substantial functional impairment. The standard of care recom-

mendations, therefore, are largely based on clinical trials limited to a select
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Table 3. Log rank test for comorbidities vs. no comorbidities (p = 0.007).

Median
Comorbidities 95% Confidence Interval
Estimate Std. Error
Lower Bound Upper Bound
Comorbidities 11.108 0.682 9.771 12.446
No comorbidities 12.944 1.422 10.158 15.731
Overall 11.797 0.463 10.890 12.704
Survival Functions
101 : comorbidities
. N\
3 ““Tcomorbidities
No comorbidities
"“comorbidities-censored
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Figure 2. Kaplan Marie survival curve for comorbidities vs. no comorbidities (p = 0.007).

non-representative subpopulation of patients. How generalizable these results
are to other NSCLC patients remains unresolved [17] [18] [19].

In our study four commonly used standard of care regimens were selected for
review: carboplatin/paclitaxel (CT); carboplatin/gemcitabine (CG); carbopla-
tin/pemetrexed (CP); carboplatin/paclitaxel/bevacizumab (CTB). Regarding
comorbidities, 38.1% of the patients had hypertension, 11.9% of the patients
were diabetic, 23.7% had chronic obstructive pulmonary Diseases (COPD),
11.9% had coronary artery diseases (CAD) and 2.1% had renal or liver diseases.

The effects of these comorbidities on outcome are well known. In one study
conducted by Tammemagi and colleagues, COPD, liver or renal diseases were
associated with inferior survival compare to a matched group [20]. In another
study data reported by Kiri et a/, who reviewed the UK GP Research Database,
the three-year survival for lung cancer patients with a history of COPD was al-
most half that of the general population of lung cancer patients (15% versus
26%; p < 0.01) [21].

In the present study, the presence of single or multiple comorbidities among
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patients who received standard chemotherapy regimens was associated with low

overall survival compare to matched patients with no comorbidities (p = 0.007).

5. Conclusion

The presences of single or multiple comorbidities are associated with inferior

overall survival compare to matched groups without such conditions. Clinical

practitioners should consider this in interpreting the results of clinical trials

when making treatment recommendations for their patients. Similarly, consid-

eration should be given in the design of clinical trials to accruing patients who

more closely reflect the general of the NSCLC patient population.
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